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Just like integration
has helped theorists

Just like statistics has

helped experimentalists
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It’
S
a tool!



Well. ..
Like mathematics and
statistics, machine leaming is
an entire field of research,
ooth theoretical and
experimental.

But for us at CERN, for all
intents and purposes,

It’s a tool!
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MOV
FAST AND
BREAR

t THINGS







MOVE FASTER,
PATCH THINGS
THAT BREAK,
ESTIMATE
UNCERTAINTIES,
AND COME UP
WITH A PHYSICAL
EXPLANATION FOR
YOUR RESULTS




Important Considerations for ML in HEP

- Performance:
- Improve upon traditional methods
- save time and/or CPU

> Domain Specific Knowledge:
- Insert Physics knowledge to guide or constrain the net

© Interpretation:
- favor simpler moadels
- Investigate what's being learmed and how throughout the layers
- visualze Inner activations and information propagation
- learmn from machine leaming: helpful to design new physics varables

- Confidence:
- necd 1o estmate uncertanties
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https://indico.cern.ch/event/595059/contributions/2497370/attachments/1430909/2197967/2017-03-21_IMLworkshop_Haake.pdf
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Yet, growing challenges +
new young talents have
forced the various [HC
experiments to slowly join
the deep learning
revolution

o We lack the software (or
nardware) infrastructure for
fast experimentation of
state-of-the-art solutions

Higgskd the HiggsML challenge
‘ May to September 2014

When High Energy Physics meets Machine Learning

o By the tme we started
caring, DL had already
exploded and created
solutions that we can now
borrow to solve our
oroblems
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© In certain cases, this search might fail — erther no
similar problems, or no applicaple solution

- New ML solutions from physicists have
pbeen pushing the boundaries of ML

Get the latest news from the CERN Openlab workshop webcast!
LHCD

&) i | o

ATLAS LHCb Machine Learning challenges

EXPERIMENT

St Roiser’, A Ust i c iYs
- - - , Stefan Roiser', Andrey Ustyuzhanin™? .

Machine Learning in ATLAS: <oy
activities and future challenges .. ccooior oo anas s R

>
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% ALICE: ML and DA
ALICE Challenges

Projects proposal
Matthew Beckingham, Michael Kagan, David Rousseau at the CMS Experiment

for the ATLAS collaboration

CERN Openlab Machine Learning and

OpenLab ML and Analytics workshop, 29th April 2016 Data Analytics Workshop
29 April 2016



https://indico.cern.ch/event/514434/contributions/1193543/attachments/1265816/1873720/mfloris-20160429-machinelearning-openlab.pdf
https://indico.cern.ch/event/514434/contributions/1193541/attachments/1265818/1873735/LHCb-ML-challenges.pdf
https://indico.cern.ch/event/514434/contributions/1193542/attachments/1265765/1873610/MLDA_Openlb_April16.pdf
https://indico.cern.ch/event/514434/contributions/1193544/attachments/1265883/1873863/tr160429_davidRousseau_OpenLab_AtlasML.pptx.pdf
https://indico.cern.ch/event/514434/timetable/#20160429.detailed

Recent VWorkshops and
Conferences on ML in HEP

- NIPS Workshop 2014, 2015

- DS@HEP 2015, 2016, 2017

© Connecting the Dots 2016, 201/

- ML Workshop

o CERN Openl ab workshop on ML and Data Analytics


https://sites.google.com/site/hepml14/home
http://yandexdataschool.github.io/aleph2015/
https://indico.cern.ch/event/395374/
https://indico.hep.caltech.edu/indico/conferenceDisplay.py?confId=102
https://indico.fnal.gov/conferenceDisplay.py?confId=13497
https://indico.hephy.oeaw.ac.at/event/86/overview
https://indico.cern.ch/event/577003/
https://indico.cern.ch/event/605622/
https://indico.cern.ch/event/627852/overview

From Daniel Whiteson, NIPS 2015
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How far can we push it'?


https://indico.cern.ch/event/465572/contributions/1984426/attachments/1203639/1752967/nips_hepml_whiteson_2015.pdf

How Does Machine Learning Fit In?
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e In analysis:

— Classifying signal from background, especially
in complex final states

— Reconstructing heavy particles and improving
the energy / mass resolution

* In reconstruction:

— Improving detector level inputs to
reconstruction

— Particle identification tasks

— Energy / direction calibration

* In the trigger:

— Quickly identifying complex final states

* In computing:

— Estimating dataset popularity, and determining

how number and location of dataset replicas

v

Data taking

> Real time event categorization
> Data monitoring & certification robot

Data Reconstruction
> Calorimeter reconstruction
> Boosted object jet tagging

Data Processing

> Computing Resource Optimization
> Predicting data popularity

> Intelligent networking

Data Analysis

> CMS assistance service

> Big data reduction and analysis
> Model independent search
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UWhat DL can do for us

Online Data Taking (real time)

Fast trigger algorithms for topology classification
Fast reconstruction algorithms (clustering, tracking,
classification)

Monitor detector operation conditions & data quality

Offline event processing (centralised)

Event indexing based on topology classification
Fast collision simulation based on generative models
Fast reconstruction algorithms (clustering, tracking,
classification)

Data analysis (by users)

Particle identification

Jet tagging (g vs q vs b vs W/Z vs H vs 1)

Unsupervised search for new physics as outlier detection



https://indico.cern.ch/event/627852/contributions/2538514/attachments/1450679/2236840/OpenLab_MLworkshop_May2017.pdf

AnalysIs ++

(Kernel) Density Estimation

IML WG meeting: Unsupervised learning

Anton Poluektov New approaches for boosting to uniformity

> e =
S 3500 ATLAS ¢ Data =
a 3000E- —— Sig+Bkg Fit (m =1265GeV) 3
% S Bkg (4th order polynomial) 3 Alex Rogozhnikov*’*, Aleksandar Bukva‘, Vladimir Gligorov¢, Andrey
5 %% 3 Ustyuzhanin®%/ and Mike Williams?
2000~ YA E
1500 =
1000~ 1s=7 TeV, [Ldt=4.8fb" X
5005 ts-0 Tov fuarsons’  HOWY < | | Neural Networks for the Extraction of
2 ° ° e o
; | § the Ac Signal in p-Pb collisions at
o
d . . . . . YSNN = 5.02 TeV
100 110 120 130 140 150 160
m,, [GeV]

Machine Learning Methods in the Analysis of Low-mass
Sebastian Lehner* and Aaron Capon* DieleCtrOns in ALICE



https://indico.cern.ch/event/433345/contributions/2358113/attachments/1407816/2151898/poster.pdf#search=sebastian%20AND%20EventID%3A433345
https://cds.cern.ch/record/2209102/files/LambdaC_NN_Report_5.pdf
https://indico.cern.ch/event/548789/contributions/2258640/attachments/1327011/1992522/kde.pdf
https://arxiv.org/pdf/1410.4140.pdf
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Jet lagging

- Flavor tagging in ATLAS from track-based variables
using Recurrent Neural Networks ez

@ ““” " Fully Connected
- W boson and top tagging in ATLAS

SoftMax
/_ L

using high level features in BDTs =Rl
and N N S \_ Orderedlby;iol —/ Jet

7 = ° Inclusive Flavor Tagging at LHCb

. (DNN) using Keras with
R g TIVA Theano backend
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https://indico.cern.ch/event/595059/contributions/2497369/attachments/1430944/2198021/dguest-iml.pdf
http://www.apple.com
https://indico.cern.ch/event/595059/contributions/2497373/attachments/1431033/2198204/Rogozhnikov_InclusiveFlavourTagging.pdf
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Computer Vision Solutions to Jet Tagging

Average Pythia image

~ Based on jet images

0.5

Jet-Images: Computer Vision Inspired Techniques for Jet Tagging

0.0

Josh Cogan, Michael Kagan, Emanuel Strauss, Ariel Schwartzman
-0.5

Other References: "~

-1.0 -0.5 0.0 0.5 1.0
[Transformed] Pseudorapidity ()

L. G. Almeida, M. Backovi'c, M. Cliche, S. J. Lee and M. Perelstein, Playing Tag with ANN: Boosted Top Identification with Pattern Recognition, JHEP 07 (2015) 086 [1501.05968].

P. T. Komiske, E. M. Metodiev and M. D. Schwartz, Deep learning in color: towards automated quark/gluon jet discrimination, [1612.01551].

J. Barnard, E. N. Dawe, M. J. Dolan and N. Rajcic, Parton Shower Uncertainties in Jet Substructure Analyses with Deep Neural Networks, [1609.00607].

P. Baldi, K. Bauer, C. Eng, P. Sadowski and D. Whiteson, Jet Substructure Classification in High-Energy Physics with Deep Neural Networks, Phys. Rev. D93 (2016), no. 9 094034 [1603.09349

~ Jet Images — Deep Learning > Jet Constituents for Deep Neural
Edition (Boosted W vs QCD) Network Based Top Quark Tagging

< 7
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https://arxiv.org/pdf/1511.05190.pdf
https://arxiv.org/abs/1407.5675
https://arxiv.org/pdf/1704.02124.pdf
http://arxiv.org/abs/1501.05968
https://arxiv.org/abs/1612.01551
https://arxiv.org/abs/1609.00607
https://arxiv.org/abs/1603.09349
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Computing

From Filippo Tilaro

From Virginia Azzolini

> Online monitoring

= Continuous service to analyse the system status and inform operators
in case of fault detection

> Fault diagnosis

= “Forensics” analysis of system faults that have already happened in
the past. In some cases root-cause analysis

> Engineering design
= Analysis of historical data to draw conclusions about system

behaviours which could be helpful to improve / optimize the system
under analysis

CERN openlab workshop

WE NEED:
- operate effectively with minimal human guidance
- anticipate important events
- adapt behavior in response to changes in data content, user needs, or available
resources

WE HOPE:

Developed machine learning and analytics-based solutions will:
- improve the accuracy of data quality
- establish new data quality rules to sharpen data error detection and correction
- increase the speed at which this is achieved

8

Efficient, reliable and fast high-level triggering using

a bonsai boosted decision tree.

From Andrey Ustyuzhanin

Reference Performance

= Random Forest Classifier
= classification problem, 3 possible labels for each
lumisection:
* almost surely good (‘white zone’);

* almost surely bad (‘black zone’);
* ambiguous (‘grey zone’).

V. V. Gligorov! and M. Williams?2

automatic //c;(_pert
decision : decision
black zone grey zone | white zone |
0 cuto cutl 1



https://arxiv.org/pdf/1210.6861.pdf
https://indico.cern.ch/event/532992/contributions/2224631/attachments/1303860/1947683/anomaly-detection-yandex.pdf

Decorrelating

o Physics-driven method - DDT (designing
decorrelated taggers)

o Can we use an adversary?

Learning to Pivot with Adversarial Networks

Gilles Louppe,! Michael Kagan,> and Kyle Cranmer!

!New York University
2SLAC National Accelerator Laboratory

Many inference problems involve data generation processes that are not uniquely specified or
are uncertain in some way. In a scientific context, the presence of several plausible data generation
processes is often associated to the presence of systematic uncertainties. Robust inference is possible
if it is based on a pivot — a quantity whose distribution is invariant to the unknown value of
the (categorical or continuous) nuisance parameters that parametrizes this family of generation
processes. In this work, we introduce a flexible training procedure based on adversarial networks
for enforcing the pivotal property on a predictive model. We derive theoretical results showing that
the proposed algorithm tends towards a minimax solution corresponding to a predictive model that
is both optimal and independent of the nuisance parameters (if that models exists) or for which one
can tune the trade-off between power and robustness. Finally, we demonstrate the effectiveness of
this approach with a toy example and an example from particle physics.

Louppe et al. arXiv:1611.01046

DIscriminants

Dolan et al. arXiv:1603.00027
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VWhat's next”/

Continue improving in areas such as:

> Tracking

> Calorimetry

- Anomaly Detection

~ SO much morel


https://indico.hep.caltech.edu/indico/getFile.py/access?contribId=0&sessionId=4&resId=0&materialId=slides&confId=102
https://indico.hep.caltech.edu/indico/getFile.py/access?contribId=1&sessionId=4&resId=0&materialId=slides&confId=102
https://indico.hep.caltech.edu/indico/getFile.py/access?contribId=2&sessionId=4&resId=0&materialId=slides&confId=102

